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@ Gas turbine blades. 

(57) A method of producing a gas turbine blade having an abrasive tip comprising producing a binding 
coat 81 on the tip of the blade body (80) by electrodeposition, the binding coat comprising MCrAlY 
where M is one or more of iron, nickel and cobalt, anchoring to the binding coat coarse particles (83) of 
an abrasive material by composite electrodeposition of the particles and an anchoring coat (82) from a 
bath of plating solution having the abrasive particles suspended therein, and then plating an infill (84) 
around the abrasive particles. The anchoring coat (82) may be of cobalt or nickel or MCrAlY as above 
defined and preferably has a thickness less than 30 ^m. The infill material may also be MCrAlY as above 
defined. Preferably, deposition of the infill (84) is accompanied by vibration of the blade in a direction 
which is substantially vertical and substantially along the axis of the blade. 
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GAS TURBINE BLADES 



This invention relates to gas turbine blades and in particular relates to the production of blade tip seals. 
It is known to provide at the tip of a gas turbine blade a tip portion comprising abrasive particles which are 
embedded in a matrix, the tip being intended to run against the surface of a shroud of a materia h which te softer 
than the abrasive particles. By this means, it Is possible to produce, by the abrasive actoon of the particles on 
the shroud a gap between the tip and the shroud which is very small, thus minimising gas losses. In one par- 
ticular example where this technique is used, the matrix comprises a major part of cobalt and minor parts of 
chromium, tantalum and alumina while the lining material of the shroud comprises a major part of cobalt with 
minor parts of nickel, chromium and aluminium and a small quantity of yttrium. The method by which such bps 
are produced is extremely expensive. In one example, detonation spray coating of the matrix Is used. In another 
example there is first produced an inner tip portion of mainly nickel and cobalt with additional ingredients by 
casting as a single crystal and the inner tip portion is. after shaping, diffusion bonded to the tip of the blade 
body The abrasive portion of the tip is then foimed on the inner tip portion by electrodeposition of alternating 
layers of chromium and nickel about the abrasive particles. The outer tip portion can then be alum.nided to pro- 
duce a matrix alloy of NiCrAI. 

It is an object of the invention to provide an abrasive tip on a gas turbine blade by a method which is cheaper 
and simpler than the known methods as described. „u„«K«,««^«m 
According to the present invention, a method of producing a gas turb.ne blade having an abraswe tip com- 
prises producing a binding coat on the tip of the blade body by electrodeposition. the binding coat comprising 
MCrAlY where M is one or more of iron, nickel and cobalt, anchoring to the binding coat coarse particles of an 
abrasive material by composite electrodeposition from a bath of plating solution having the abrasive particles 
suspended therein, and then plating an infill around the abrasive particles. 

It has been found that this method, all stages of which are of a metal plating nature and are therefore rela- 
tively Inexpensive and readily controllable, produces a very effective abrasive blade tip. There is produced a 
tip which comprises a) a binding layer of MCrAlY which gives extremely good protecbon against oxidat.on and 
corrosion and provides a base on which the particle containing layer can be anchored, b) a layerof an anchonng 
material, preferably cobalt or MCrAlY with a preferred thickness of less than 30 urn. perhaps 20 urnorless and 
even as low as 2-10 urn, which holds the abrasive particles (which will have an average partide ^^sub- 
stantially greater than the thickness of the anchoring layer) to the binding layer, and c) a further layer, preferably 
of MCrAlY. which infills around the particles and holds them firmly while allowing them to protrude. If necessary, 
to enable them to maximise their abrasive function. Deposition of the complete tip will, in most cases, be fol- 
lowed by a heat treatment step to homogenise the layers to produce what, in effect, will approach a single 
homogenous layer (of MCrAlY if the three layers are all MCrAlY) with particles in. and possibly protruding from. 

the uppermost portion thereof. 

Various particles may be employed. Examples include zirconia. alumina and various nrtndes silicides and 
borides known from the abrasive art. The preferred abrasive is cubic boron nitride, preferably having a particle 
size between 1 25 and 150 urn. It is possible for the infill, or at least the upper or outer portion thereof, to include 
abrasive particles of a size substantially smaller than the main abrasive particles, for example approximately 

20 The MCrAlY of the binding coat, the anchoring layer where this is MCrAlY. and the infill where this is MCrAlY 
may have various compositions of which suitable examples are described in British Patent Specification GB- 
2167446B. The electrodeposition may be effected by various forms of apparatus. However, suitable forms of 
apparatus are described in British Patent Specification Nos. GB-2182055A and European Paten f Pecrficabor. 
No EP-0355051 A. These describe apparatus which comprises an electroplating tank which is divided into too 
zones by a vertical wall extending from close to the bottom of the tank up to just beneath the surface of the 
soTuttonInthebam.Gasisadmittedtooneofthezonestoinduc^ 

wTth part7c.es entrained therein, spring over the weir formed by the upper edge of the dividing wall and des- 
ceX in the second zone in which the article to be coated is located. The latter specification descnbea rotating 

infill is preferably accompanied by vibration of the blade, preferably in a direcbon axial of the £ade 
a substantia, component in this direction. It is believed that such vibration ensures an even <MMKtf CrAJY 
particles, particulariy in those regions which are shaded by the overhang of the abrasive Particles and which 
regions mtaht otherwise be depleted of particles. The frequency of the vibration Is preferably between 10 Hz 
and TkHzTthe particulariy preferred figure b ing about 50 Hz. A peak acceleration of up >«> 10 g la prefenaj 
It has been found that a particularly good r suit is achieved by vibrating at two alt mating levels, for example 
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a vibration with a peak level of about 2 g alternating with a vibration with a peak I vel of about 1 0 g. Preferably, 
each lower level phase is.longer than each higher level phase; thus the lower level phases may be for between 
30 seconds and 2 minutes duration with a peak acceleration of about 2 g and the higher level phases may be 
for about 5 seconds duration with a peak acceleration of about 10 g. 

The invention may be carried into practice In various ways but a process of producing a gas turbine blade 
in accordance with the invention together with apparatus suitable for carrying out the process will now be des- 
cribed by way of example with reference to the accompanying drawings in which: 

Figure 1 is a perspective view of one of the plating baths used in the process; 

Figure 2 is a side elevation of the apparatus shown in Figure 1; 

Figure 3 is a front elevation of the apparatus shown in Figure 1 ; 

Figure 4 Is a perspective view of the fixture used in the apparatus shown in Figures 1 to 3; 
Figure S is a plan view of a jig used in conjunction with the fixture shown in Figure 4; 
Figure 6 is a front view of the jig shown in Figure 5; and 

Figure 7 is an enlarged section through part of the tip region of a blade having an abrasive bp produced 
in the manner to be described; and 

Figure 8 shows an alternative apparatus for applying the infill. 

The apparatus shown in Figure 1 to 3 of the drawings comprises a vessel or container 1 having a paral- 
lelepiped shaped upper portion 2 and a downwardly tapering lower portion 3 in the form of an inverted pyramid 
which is skewed so that one side face 4 foims a continuation of one side face 5 of the upper portion. 

The vessel 1 contains a. partition 6 which lies in a vertical plane parallel to the side faces 4 and 5 of the 
vessel and makes contact at its side edges 7 and 8 with the adjacent vertical and sloping faces of the vess I. 
The partition thus divides the vessel into a larger working zone 9 and a smaller return rone 11. At its bottom, 
the partition 6 terminates at a horizontal edge 12 above the bottom of the vessel to afford an interconnection 

13 between the working zone 9 and the return zone 11 . At its top. the partition 6 terminates at a horizontal edg 

14 below the top edges of the vessel 1. 

At the bottom of the return zone 1 1 there is an air inlet 15 which is connected to an air pump (not shown). 
Mounted in the working zone 9 is a fixture 21 to which the workpieces to be coated are mounted, ^fixture 
21 being arranged to move the workpieces within the vessel in a manner to be described I in 9'eater dete below^ 
Conductors, not shown, are provided to apply a voltage to the workpiece mounted on the fixture 21 relative to 
an anode which is suspended In the working zone. 

To use the apparatus to codeposit a coating on the workpieces. the workpieces are mounted on the fixbire 
21 which is positioned in the vessel as shown. Before or after the positioning of the fixture, the vessel is filled 
to a level 17 above the top edge 14 of the partition 6 with a plating solution containing PartJdesJ to be compo- 
sited Air is admitted to the inlet 15 and this rises up the return zone 1 1 . raising solution and entrained partid s. 
At the top of the return zone, the air escapee and the solution and particles flow over the broad I ere istec I weir 
formed by the top edge 14 of the partition and flow down past the workpieces on the fixture 21 AUhe .bottom 
of the working zone 9. the particles tend to settle and slide down the inclined s.des of the vessel towards the 
interconnection 1 3 where they are again entrained in the solution and carried round again. 

As the downwardly travelling particles in the working zone 9 encounter the workpiece. they tend to settle 
on the workpiece where they become embedded in the metal which is being simultaneously plated out. 

The fixture 21 on which the workpieces to be coated are mounted is shown in detail in Figure 4. ,n simplified 
form in Figures 2 and 3 and is omitted from Figure 1 for reasons of clarity. The fixture 21 c ° m P^ es * 
which fits over the top of the vessel 1 . a depending pillar 23 towards one end and a pair of depending^ guides 
24 at the other end. The guides 24 have facing guideways in which slides a cross-head 25 carry.ng a vertical 
rack 26 which passes upwards through a hole 27 In the deck 22 and meshes with a pinion 28 driven by a rev rs- 
ible electric motor 29. The deck 22 supports a second electric motor 31 which drives a vertical shaft £2 canying 
a bevel pinion 33 which engages a crown-wheel 34 fixed to one end of a spindle 35 mounted in the prtlar 2* 
The other end of the spindle 35 is connected by a universal joint 36 to a tomnion 51 on ,€M 
which is only shown diagrammatical* in Figure 4 but is shown in greater detaH In Figures 5 and 6. At the other 
end of the jig 52 is a second trunnion 53 which enters a spherical bearing 38 in the cross head 25. 

At each end of the underside of the deck22there aresprings41 by which thejig is supported on the edges 
of the vessel 1 as seen In Figures 2 and 3. Mounted on the deck 22 is a vibrator -42 ^ose operat ion , can be 
adjusted as required by a controller, not shown. An electronic motor controller 43 is mounted on the ^deckj 22 
and Is connect d by lines 45 to the motors 29 and 31. The controller 43 is ^ned so that wher .required 
the motor 31 is driv n in one direction only (but with the possibility of a stop-start or two level acti 
rotate the spindl 35 about a n minally horizontal axis (the x-axis). The contr II r 43 ,s designed to drive, when 
requir d. the motor 29 alternately in opposite directions to reciprocate the f^^^^SS 
on the rotation about the x-axis an oscillatory rotation about a rotating ax.s in the universal jo.nt 36 (the y-axis). 
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The Jig 52 comprises a generally box-like unit having op n sides and comprising a firat end 54 connected 
to the trunnion 51, a second end 55 connected to the trunnion 53. a base 56 rigidly connected and joining the 
ends 54 and 55 and a removable lid 57. Each of the ends 54.55 carries fixed studs 58 which butt against the 
underside of the lid 57 and bolts 59 which pass freely through apertures in the lid 57 and engage in threaded 
bores in the upper edges of the ends 54 and 55 to enable the lid 57 to be screwed down onto the stud 58. The 
base 56 is formed with grooves 61 to receive the roots of turbine blades to be tipped and the lid 57 is formed 
with aerofoil shaped apertures 62 to receive the outer ends of the blades. The blades are retained in position 
in the groove 61 by screws 63. A plate 64 at the rear end of the grooves 61 limits their movement out of the 

groove 61^ ^ apparatus of , he cons tnjction described to produce an abrasive tip on a gas turbine blade will 

now be described. ■ 

The blade is degreased in vapour degreaser or a proprietary degreasmg agent such as Genklene. With 
the top plate of the jig 52 removed, the root of the blade is then introduced into one of the grooves 61 in the 
bottom plate 56 until it engages the back plate 64 and it is then clamped in position by tightening of the screw 
63 against the underside of the root The top plate is then replaced and held down by tightening of the screws 
59 In this condition the tip of the blade is approximately level with the top surface of the plate 57 with a gap of 
approximately 1 mm extending all the way around the periphery of the blade between it and the adjacent edg 
of the aperture 62. The blade and the holder are then grit blasted as necessary to provide a key for the masking 
wax and the holder is then inserted into a wax bath to mask all the surfaces of the holder and blade. The upper 
surface of the plate 57 and the tip of the blade are then grit blasted with 50-100 micrometres alumina. The jig 
with the blade therein is then given an anodic clean for five minutes at 6 to 8 volts in a cleaning solution con- 
sisting of sodium hydroxide/gluconate/thiocyanate and is then rinsed thoroughly in cold running water. The exp- 
osed surfaces of the blade and the plate 57 are then etched in a solution comprising approximately 300 gms/l 
ferric chloride. 58 gms/l hydrochloric acid and 1% hydrofluoric acid (60% w/w) for five minutes at room tem- 
perature and again rinsed thoroughly in cold running water. The jig is then placed in a nickel chloride bath to 
provide a strike which is given at 3.87 amps per square decimetre (36 amps per square foot) for four minutes, 
the strike bath comprises approximately 350 gms/l nickel chloride and 33 gms/l hydrochloric acid. 

The jig 52 is then placed in the fixture shown in Figure 4 and the fixture is placed in the apparatus shown 
in Figures 1 to 3. Alternatively, the jig and fixture may be assembled before the pre-treatment procedures. Th 
bath contains a cobalt plating solution with 2 to 5 weight percent particles of CrAlY containing 67-68 parts by 
weight Cr 29-31 parts by weight Al and 1.5-2.4 parts by weight Y with a size distribution in the bath as given 
in the following table, the columns relating to the size band being the upper and lower limits of the cut measured 
in micrometres. The size distribution in the as-deposited coating will be similar but somewhat smaller due to 
selection in the plating process. 
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Table 

Size Band Per Cent 



118.4 • 


54.9 


0 


54.9 


33.7 


0 


33.7 


* 23.7 


0.3 


23.7 


17.7 


1.3 


17.7 


13 .6 


4.3 


13 .6 


10.5 


17.7 


10.5 


8.2 


38 . 1 


8 . 2 


6.4 


18 .3 


6.4 


5 .O 


12 .3 


5.0 


3.9 


8.2 


3 .9 


3.0 


0.1 


3.0 


2.4 


0 


2.4 


1.9 





Plating Is continued for a period of 4 hours at a current density of 1 .075 amps per decimetre (1 0 amps per 
square foot) with the controller 43 set to rotate the motor 31 at such a speed as to rotate the holder 52 at 0.33 
revolutions per minute. The motor 29 is stationary during this operation but air is admitted continuously to main- 
tain circulation of the solution and suspended CrAlY particles. This plating provides a coat of CoCrAlY on the 
Up of the blade to a thickness of between 25 and 50 urn. Alternatively, the production of the binding coat may 
be performed using the fixture shown In Figure 8 and employing vibration as will be described In greater detail 
below. Deposition of CoCrAlY from the bath described will produce a layer having a composition which is 
approximately in weight percent Al 1 0, Cr 23, Y 0.5 and the balance Co. 

The holder is then rinsed over the tank with demineralised water and then removed from the region of the 
tank and rinsed in running water. The holder is then placed in a Woods nickel bath or 1 volume percent sulphuric 
acid bath to reactivate the surface and the fixture is then placed In a second bath similar to the first bath except 
that in place of the CrAlY particles it contains particles of cubic boron nitride of 1 00/200 mesh i.e. approximately 
125-150 urn. With the jig in the attitude shown in Figure 4, i.e. with the blade tip horizontal and facing upwardly, 
and with the motors 29 and 31 inactive and no air being admitted through the inlet 15, plating is commenced 
at 2 7 amps per decimetre (25 amps per square foot) and air is switched on for a period of 5 seconds. The 
boron nitride particles go into circulation and cascade over the blade and holder. Plating is then continued with- 
out the admission of air for a period of approximately 40 minutes to secure the particles resting on the blade 
tip to the tip. It may be found that in some cases it is beneficial to have a further burst of 5 seconds of air aft r 
20 minutes to ensure a uniform and maximum distribution of CBN particles over the blade tip surface. The motor 
31 is now activated to turn the holder 52 slowly through 180° to allow excess and unanchored particles of CBN 

10 ^Thefixture 21 is now removed from the CBN bath , is rinsed over the tank and is then rinsed in a static bath 
and finally rinsed thoroughly in running water. The surfaces being coated are then reactivated in a Woods nickel 
or 1% sulphuric acid bath and the fixture is replaced in the CoCrAlY bath. The motor 31 Is activated to rotate 
the jig at 0.33 rpm and plating is continued for 7 hours at 1.075 amps per decimetre (10 amps per square foot) 
for 7 hours (with continuous admission of air to maintain circulation of the solution and suspended CrAlY par- 
ticles) to fill the spaces under and around the CBN particles with CoCrAlY to a depth which, as can be seen In 
Figure 7, leaves the tips of the abrasive particles slightly proud of the surrounding CoCrAlY. 

During the infilling process to provide a matrix around the particl s. the holder may be rotated with the 
start/stop action described in European patent application number 89307713.1 . Thus the motor 31 is contro led 
to produce a rotation of the jig 52 unidirectionally and at a speed of one rotation in 3 minutes with the rotation 
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being intermittent with 10 second stop periods being interspersed with three second go periods. Alternatively 
however the vibrator 42 may be used with the motor 31 inactive, the jig 52 being held in the position shown in 

5 Figure 4 with the tip surfaces of the blades horizontal and upwards. The vibrator 42 is arranged to give a vib- 
ration at a frequency of 50 Hz with alternating periods of high intensity and low intensity vibration, the high in- 
tensity periods having a duration of 5 seconds and a peak acceleration of 10 g and the low intensity periods 
having a duration of 75 seconds with a peak acceleration of 2 g. Alternatively, a combination of rotation and 
vibration may be used, either simultaneous or alternating. Where rotation is employed it Is probable that any 

10 vibration that may be considered desirable need be only at the low intensity level referred to above. The vibration 
and the rotation produce homogeneous infill and ensure that the OAIY particles reach the areas shadowed by 
the CBN particles. 

At the end of the infill stage the fixture is removed and the holder is rinsed over the tank with demineralised 
water and then rinsed thoroughly in running water. The masking material is then removed and the blade is taken 

15 out of the jig and degreased. After inspection the blade is then heat treated for between 1/2 and 1 hour at 1090 
plus or minus 10°C in vacuum or in 50-100 millibar partial pressure argon and fast gas quenched. The blade 
is then aluminized by one of the well-known processes such as pack aluminizing. 

The tip produced in the manner described is shown in section in Figure 7 and can be seen to comprise the 
body 80 of the blade, a binding coat 81 of MCrAlY of a thickness, in this example, of 25-50 ftm, an anchoring 

20 coat 82 of MCrAi Y of a thickness of 1 0-20 jim in which is anchored the bottom portions of the abrasive particles 
83 of cubic boron nitride with a particle size of 1 25-1 50 >im, and an infill 84 of MCrAlY with a thickness of 70-1 1 0 
Mm. 

A simplified form of fixture 91 suitable for producing either or both the binding layer and the infill is shown 
in Figure 8 and this may be used in place of the fixture shown in Figure 4. The fixture 91 comprises a jig 92 
25 having a base 93 similar to the base 56 of the jig 52 and having grooves 94 to receive the roots of the blades 
95, the blades being locked in position by means not shown, such as screws similar to the screws 63 of the jig 
52. The base 93 is carried by a bail 96 at the bottom of a rod 97 depending from a vibrator 98 carried on a 
beam 99 from which the fixture can be suspended in the working zone 9 of the vessel 1 shown In Figures 1 to 
3. 

30 In the use of the apparatus shown in Figure 8 in which there is no provision for rotation of the fixture, the 

two level vibration described in relation to Figure 4 is used, i.e. longer periods of duration 75 seconds at a lower 
intensity with a peak acceleration of 2 g alternating with shorter periods of 5 seconds with a peak acceleration 
of10g. 

Instead of particles of pure cubic boron nitride it would be possible to use particles of this or another abrasiv 
35 which are coated with a material which will protect them, for a time at least, from severe oxidation. For example, 
it would be possible to use cubic boron nitride particles which had been given a substantially air-impermeabl 
coating of aluminium oxide or an intenmetallic such as nickel aluminide. 



40 Claims 

1. A method of producing a gas turbine blade having an abrasive tip characterised by producing a binding 
coat on the tip of the blade body by electrodeposition, the binding coat comprising MCrAlY where M is one 
or more of iron, nickel and cobalt, anchoring to the binding coat coarse particles of an abrasive material 

45 by composite electrodeposition from a bath of plating solution having the abrasive particles suspended th - 

rein, and then plating an infill around the abrasive particles. 

2. A method according to claim 1 in which the anchoring material is cobalt or nickel. 

50 3. A method according to claim 1 in which the anchoring material is MCrAlY where M is Ni or Co or Fe or two 
or all of these metals. 

4. A method according to claim 2 or claim 3 in which the thickness of the anchoring material is less than 30 
jim. 

55 

5. A method accoixling to claim 4 in which the thickness of the anchoring material is approximately 2-10 urn. 

6. A method according to any of claims 1 to 5 in which the infill material consists of or includes MCrAlY where 
M is Ni or Co or Fe or two or ail of these metals. 
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7. A method according to any of claims 1 to 6 in which at least the part of the infill r mote from the anchoring 
material Includes abrasive particles of smaller size than the abrasive particles anchored by the anchoring 
material. 

8. A method according to any of claims 1 to 7 in which deposition of the infill material is followed by a heat 
treatment step to homogenise the material of the layers other than the abrasive particles. 

9. A method according to claim 8 in which the heat treatment is followed by an aluminizing step. 

10. A method . according to any of claims 1 to 9 in which the abrasive particles are of zirconla. alumina, a nitride, 
a silicide, a boron ide or mixtures of these materials. 

11. A method according to any of claims 1 to 9 in which the abrasive particles are cubic boron nitride. 

12. A method according to claim 10 or claim 11 in which the size of the abrasive particles anchored by the 
anchoring material is between 125 and 150 jim. 

13. A method according to claim 12 in which the thickness of the infill is between 70 and 100 urn. 

14. A method according to any of claims 1 to 1 2 in which the deposition of the infill is accompanied by vibration 
of the blade. 

15. A method according to claim 14 in which the vibration is in a direction axial of the blade or containing a 
substantial component in this direction. 

16. A method according to claim 15 in which during vibration the axis of the blade is substantially vertical. 

17. A method according to claim 15 or claim 16 in which the frequency of vibration is between 10 Hz and 1 
kHz. 

18. A method according to claim 17 in which the frequency of vibration Is approximately 50 Hz. 

19. A method according to any of claims 15 to 18 in which vibration occurs at two alternating levels. 

20. A method according to claim 19 in which at one level the peak acceleration is approximately 2 g and at the 
other level is approximately 1 0 g. 

21. A method according to claim 19 or claim 20 in which the duration of the lower level phase is several times 
the duration of the higher level phase. 

22. A method according to claim 21 in which the lower level phase is for between 30 seconds and two minutes 
duration and the higher level phase is approximately five seconds duration. 
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